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A LITTLE ABOUT US
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ENGINEERING
SOLUTIONS
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Acoustics, Noise & Vibration
Aviation

Commercial & Residential
Construction Engineering
Critical Facilities

Cultural & Community
Defense

Education

Energy

Facades

Forensics & Investigations
Government

Healthcare & Research

Hospitality & Gaming
Insurance

Life Sciences

Protective Design & Security
Resilience

Restoration & Renewal
Special Structures

Sports & Public Assembly
Structural Design
Sustainability

Tall & Supertall Buildings
Transportation/Infrastructure



HOW WE SEE THE PROBLEM

« Human activities are estimated to have
caused ~1.0 °C of global warming. Lo
= 7°C
* Global warming is likely to reach 1.5°C 3 e
(a critical threshold) between 2030 and 5
2050. Eg 5°C
* We need to tackle climate change g
within the next 10 years or face major z°°
consequences by 2040. g 2°C [ i M ——
’ / § "‘ --_---—_-_l
E’ 1°Cc Zero Carbon by 2050
0 | | | | | |
1950 2000 2050 2100 2150 2200

IPCC Global Temperature Projection Scenarios

Source: IPCC 2013, Representative Concentration Pathways (RCP); Stockholm Environment Institute (SEI), 2013; Climate
Analytics and ECOFYS, 2014.
Note: Emissions peaks are for fossil fuel CO2—only emissions.
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HOW WE SEE THE PROBLEM

* Global CO, Emissions by Sector

BUILDING
OPERATIONS
28%
TRANSPORTATION
23%

INDUSTRY

20.3%

(incl. building
finishes, glass, 22.7%
equipment, and (incl. buildings &
plastics, rubber, infrastructure)
paper, other)

CONCRETE, STEEL
& ALUMINUM
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WHERE IS THE CARBON?

23%

19%
179 [J1*°”°

Structural
Foundations
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47%

42%
40% <°

5%
23067
16%
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Structural
Columns

mCommercial ®Education

Walls Floors Structural

Framing

Residential

Structural Columns: 3-8%

Foundations: 17-23%
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Framing: 6-13%

Walls: 16-25%



WHAT CAN STRUCTURAL ENGINEERS DO?

How We Make Decisions

« Safety and Comfort — strength and stiffness requirements
» High load capacity-to-volume ratio

 Ability to create fire separation between occupied areas

l"

» Relatively low installed cost by volume ~

» Relatively quick and reliable fabrication process with
consistency across markets

» Relatively quick installation and skill required for erection can
be taught relatively easily

« Speed and reliability on concrete strength gain (form
stripping, post-tension stressing)
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WHAT CAN STRUCTURAL ENGINEERS DO?

Measure Twice ...
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Embodied Carbon (kg)

B Beacon
Steel | Concrete | Timber | Unknown | Rebar | Category Level
Steel (GWP Unit = kg CO2 per short ton)
Category Material Nami Volume Density GWPType  GWP Te+06
Framing Steel ASTM A9 55 CF 490 PCF Primary 5t |[1350.8
Framing Steel ASTM AS 18 CF 490 PCF HSS Steel - |[2168:2
Column Steel ASTM A9 9 CF 490 PCF Primary St~ |[1350.8 300000
Column Steel ASTM A5 7 CF 490 BCF HSS Steel ~ |[2168:2
Floor Metal Deck 129 CF 480 PCF Primary St || 1330.8
800000
700000
600000 -
500000
400000
300000
200000
100000
o4

Framing

Column Floor

Wall

Foundation

B Total

W Steel

M Concrete
[ Rebar

I Timber
M Unknown

- ]
Building Use
Commercial
248 kg-CO2e/m2
CLF Benchmark Study
Total Embodied Carbon
Type €02 (kg)
Steel 77513
Cancrate 1,763,056
Timber 0
Rebar 162,202
Unknown 0
Total 2002771
All Data
Download
Links
Beacon Help

Carbon Leadership Forum
EC3 Tool




CURRENT STRATEGIES

Structural Framing Tradeoffs
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Steel & Concrete
Total GWP (kg CO,e/m?)

Hybrid
(Steel + Timber)
Total GWP (kg CO_e/m?)

Timber
Total GWP (kg CO,e/m?)

beams and co/u,h

eets
3 ‘e‘es\abs C30/3, o o sh & ® cversheets ns
& o PN
> & S &
& & %, &
s 2 Total e 1 70 Total GWP Total GWP
S f kgCO,e/m? 9 kgC€O,e/m? 1 30kgCO,e/m“
@ 1 * \
rrrrr 5
5
&
&
4 REadyvm\xC"“
@ i ol
187.9 103 129 157.3 10.7 55 111 134 12

Steel frame & Precast slab

Steel frame & CLT floors

Steel & Composite Steel & Composite
Total GWP (kg CO,e/m?) Total GWP (kg CO,e/m?)
cycled p,
Qb recycle ohre N,
& %, S e
2
:,3"} & %, ,-;1'”\ & %
3 % -4 | i)
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- ; 4 %
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&= & e Sg
& s
N
60
i 08 &
M Ready-mix * Ready-mix <™
Py ey o8
213 127 7.9 230.9 12.8 8.0
Steel frame & Composite slab Steel frame & Composite slab
3m span 4.5m span

Glulam frame & CLT floor

Concrete

Total GWP (kg CO,e/m?)
b ecycled binder:

Steel

Total GWP (kg CO,e/m?)

Q% recycled p;
’50\3’1 ' ’"de,\,
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yé&
T x5 "
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=~ otal e
28 340 koo e/t a
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&
S
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308.3 19.6 121

Steel frame & Slimflor

Concrete
Total GWP (kg CO,e/m?)

s @ s\abs C30/35
&

&
> R <
& oé'; 4 § 3‘9 @%,
AN Total GWP 3 £2 2
§ E KgCO e/m? B 2 ;‘é
) 3 g
32 & &
< o>
& &
) W» &
R ol
» oeC » Ready-pmix <
Ready-mix o™ !
= ® = £ o)
3373 346 20.5 237.7: 19.6 4.8
RC frame & Flat slab RC frame & Precast slab
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MATERIALS AND SUPPLIER

Cement Replacement

52% 40% 9%

3KSI | 4KSI | SKSI | 6KSI

0%FA | ¥ 264 376 523 B
20% FA 227 279 446 a70] | 15%
30% FA 207 254 405 226 | | 23%
30% SL 204 251 399 220 | | 24%
50% SL/FA | 164 200 316 332w | 409

UNITS IN kgCO2E / CY

Supplier knowledge of mix performance is
imperative to assignment of cement replacement:

« Strength Gain
« Workability
« Admixtures

FLY ASH / METAKAOLIN / SILICA FUME / FLY ASH / SLAG / CALCINE SHALE
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WHAT’S NEXT?



CARBON NEGATIVE MATERIALS

oo
CARBONCURE.

SIMPLY BETTER CONCRETE

Ho Ho

Ca’ CO3 CaCOxg;

Calcium Carbonate Solid Limestone
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« ~3.3 GJ/ton of clinker (~35% production cost)

» Coal predominant fuel: ~120kg coal / ton of cement

e Circular economy: CCS - Carbon Cure tech

Heidelberg Cement Plant with CCS — Brevik, Norway
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RE-CAPTURING CARBON

P RMIT

UNIVERSITY

Article ‘ Open Access ‘ Published: 26 February 2019

Room temperature CO; reduction to solid carbon
species on liquid metals featuring atomically thin
ceriainterfaces

D. Esrafilzadeh et al. Nature; DOI: 10.1038/s41467-019-08824-8

Tata Steel plant with CCS - Ijmuiden,
Netherlands; eurometal.net

« RMIT: A catalytic liquid metal alloy and CO,, electrically
charged - solid carbon at room temperature!
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CARBON ‘HEAVY’ STEEL

Temperature Temperoture
°F y = Austenite
3000 - E B a = Fernite
b st : ! 3 = Delta iron
|
s - ! ! CM = Cementite {1539
2720
| i L ™
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PEARLITIC STEEL

« LRFD principles could be applied —
structural applications

« Challenges: manufacturing, joining,
cutting, fabrication - cost increase

800.0
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Frequency distributions of load Q and resistance R.
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Railroadforums.com

F9203 +2Al — 2 Fe +A1203
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IS IT WORTH IT?

dirslll Cooking  Other
Cerzﬂlent - e ° L 06

Other industry

Power generation
136

Heavy road
25

Source: International Energy Agency / The Economist

Global energy-related CO, emissions, tons bn,

Thornton Tomasetti

* lIron & steel industry global annual
CO, emissions:

~2.3 bln tons

* Global annual steel production:
~160 min tons

» Total annual CO, captured in
steel:
~5 min tons (0.2%)
(assuming all C comes from CO,)
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IS IT WORTH IT?

oo
CARBONCURE.

SIMPLY BETTER CONCRETE

25 Ibs CO,  [rnodte

cubic yard

!"'nl i

- lwg |j|vu

15kg of CO, / m?3
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Cubic meter of steel

Carbon  Oxygen

C O

12.011  15.9994

240kg of CO, / m3
Increase only: (0.25% = 0.83%): 167kg of CO, / m3

0.83% x 7850kg = 65kg of C; 65x3.67 = 240kg

18
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